Meng et al. Cardiovasc Ultrasound (2021) 19:33 H
https://doi.org/10.1186/512947-021-00264-z Ca rd lovascu |a r U ItraSOU nd

RESEARCH Open Access

The role of left atrial strain in patients Gl

with functional tricuspid regurgitation
before and after annuloplasty: a long-term
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Abstract

Background: Functional tricuspid regurgitation (TR) is common among patients with left heart disease and may
recur during the follow-up period after selective tricuspid valve annuloplasty (TVA). This study aims to analyse the
relationship between left atrial (LA) strain and the degree of preoperative functional TR and to explore the role of LA
strain in predicting TR recurrence.

Methods: This study included 63 patients with rheumatic mitral stenosis who underwent mitral valve replacement
and concomitant TVA. Additionally, 20 healthy controls were enrolled. Preoperative conventional LA echocardio-
graphic parameters and LA strain were measured. The association between LA strain and preoperative functional
TR severity was analysed by Pearson correlation. Predictors of recurrent TR were determined by multivariate logistic
regression analyses.

Results: Compared with the control group, the mitral stenosis group developed a significant impairment in terms

of LA strain. The degree of preoperative functional TR exhibited moderate correlations with LA reservoir strain
(r=-0.57) and LA conduit strain (r =0.48). During a median follow-up period of 66.4 & 36.4 months, TR recurred in 18
patients. Preoperative LA reservoir strain and the mean transmitral gradient were predictors of postoperative TR recur-
rence. When the two indexes were combined to establish a prediction, the sensitivity and specificity of prediction
increased. The area under the receiver operating characteristic curve of the combined indicator was higher than those
of the single indicators (0.90 vs. 0.70 and 0.72).

Conclusions: LA strain correlates with preoperative functional TR severity in patients with rheumatic mitral stenosis.
The LA reservoir strain and preoperative mean transmitral gradient are independent predictive factors for recurrent TR
after TVA.
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Introduction
Functional tricuspid regurgitation (TR) is quite common
in left heart disease, and several studies have confirmed

*Correspondence: fwechowh@126.com that preoperative functional TR may progress if left
! Department of Echocardiography, Fuwai Hospital, National Center

for Cardiovascular Diseases, Chinese Academy of Medical Sciences u‘ntreaj[ed aF the time of left-sided valve surgery. Selec-
and Peking Union Medical College, 167 Beilishi Road, XiCheng District, tive trlCUSPld valve aﬂIIIllOplaStY (TVA) can prevent TR
Bejjing 100037, People’s Republic of China from worsening and thus decrease both postoperative

Full list of author information is available at the end of the article

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-9928-0388
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12947-021-00264-z&domain=pdf

Meng et al. Cardiovasc Ultrasound (2021) 19:33

mortality and morbidity. However, even after the appro-
priate intervention, moderate-to-severe TR recurs in up
to 15 to 20% of patients within the first year and in 30
to 70% of patients within 3—5years and is closely related
to increased mortality [1]. Previous studies have reported
predictors of TR recurrence after annuloplasty, including
right ventricular (RV) dysfunction, pulmonary hyperten-
sion, and preoperative tricuspid valve annular diameter.
Interestingly, however, left atrial (LA) dysfunction has
rarely been investigated in these situations. Park and col-
leagues reported that improvement of LA function after
the maze procedure was strongly associated with a signif-
icantly decreased risk of late progression of TR [2]. Kim
et al. also confirmed that the maintenance and recovery
of LA mechanical function are valuable for prevent-
ing progression of functional TR in patients undergoing
left-sided valve surgery [3]. However, these studies were
mainly concerned with the effects of conventional echo-
cardiographic parameters on functional TR, which have
limited value in reflecting LA function. Several stud-
ies have noted that the LA strain, particularly reservoir
strain, is crucial for non-invasive function assessment
and may be valuable for clinical evaluation and earlier
therapeutic intervention [4, 5]. The role of LA strain in
patients with functional TR before and after TVA is still
unknown. In this study, LA function was suggested to
play crucial roles in the onset, development, and progres-
sion of functional TR. Whether combining preoperative
LA strain with traditional echocardiographic indicators
could be a better non-invasive tool for predicting TR
recurrence also needs to be further investigated.

Methods

Study population

From March 2011 to January 2015, we initially enrolled
67 patients with rheumatic mitral stenosis who under-
went complete echocardiography assessment before
mitral valve replacement (MVR) with concomitant TVA
for functional TR. The presence of mitral leaflet rheu-
matic disease was determined by pathological findings.
The exclusion criteria included the presence of tricuspid
leaflet rheumatic disease determined either by preop-
erative echocardiography or by surgeon evaluation dur-
ing surgery, pacemaker wires across the tricuspid valve
preoperatively, congenital valvular disease, severe mitral
regurgitation, and poor image quality. The indication for
TVA was mild to severe functional TR with or without
a systolic tricuspid annular diameter>20mm/m? [6].
All patients underwent surgery through a median ster-
notomy. The annuloplasty type depended on the opera-
tor’s preference. Modified DeVega suture annuloplasty
was performed in 39 (58.2%) patients, and ring annulo-
plasty (Duran, Medtronic, Inc., Minneapolis, MN) was
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performed in 28 (41.8%) patients. Surgical procedures
may have included the Cox Maze procedure and/or aor-
tic valve replacement. At the same time, 20 healthy vol-
unteers with similar age distributions were enrolled to
serve as the control group. This retrospective study was
approved by the hospital ethics committee, and informed
consent was waived.

Echocardiography analyses

Preoperative transthoracic echocardiography (TTE) was
obtained while the patients were at rest within 2weeks
before surgery using a Philips IE33 ultrasound device
(Philips Medical Systems, Andover, MA, USA). Post-
operative echocardiographic follow-up was performed
prior to discharge. Further follow-up echocardiography
was performed according to the recommendation of the
patient’s attending physician. All patients underwent 3
or more echocardiographic assessments and clinical vis-
its after discharge. Two-dimensional echocardiographic
measurements and Doppler evaluation were performed
according to the American Society of Echocardiography
guidelines [7]. Five cardiac cycles were collected for anal-
ysis in atrial fibrillation patients, and three cardiac cycles
were collected in sinus rhythm patients.

The mitral valve area was evaluated by 2-dimensional
planimetry (MVA-2D), the pressure half-time method
(MVA-PHT), and the velocity-time integral of the mitral
valve for the peak and mean transmitral gradient [8].
The degree of TR was evaluated by a multiparametric
approach, including an assessment of the colour Dop-
pler—derived jet area, the vena contracta width, the con-
tinuous-wave Doppler—derived jet density and contour,
and the hepatic vein flow velocity pattern; on this basis,
TR was graded as mild (14), mild to moderate (1.5+),
moderate (2+4), moderate to severe (2.5+), or severe
(34) [9]. The peak early diastolic velocity (E) of the tri-
cuspid valve was measured by pulsed Doppler echocar-
diography from the apical four-chamber view. The peak
early diastolic myocardial velocity (E’) and peak systolic
myocardial velocity (S') were obtained by Doppler tissue
imaging at the levels of the basal portion of the anterior
tricuspid annulus. The maximum (end-diastole) and min-
imum (end-systole) tricuspid annular (TA) diameter was
measured from the apical four-chamber view. Pulmo-
nary artery systolic pressure (PASP) was estimated from
the tricuspid regurgitant jet velocity and right atrium
pressure in accordance with the modified Bernoulli
equation. The left ventricular end-systolic volume, end-
diastolic volume, and ejection fraction were assessed by
the biplane Simpson method. The following volumetric
parameters of the left atrium were also evaluated by the
Simpson method: (1) maximum LA volume at end-sys-
tole (LAV max); (2) maximum LA volume index (LAVI),
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Fig. 1 The figure presents the strain of the left atrium using two-dimensional speckle-tracking echocardiography in patients with sinus rhythm (A,
B) and atrial fibrillation (C, D). AutoStrain LA software will automatically detect and track the contours and then advance to the analysis step. Left
atrial reservoir strain and left atrial conduit strain are displayed based on the end-diastolic option

calculated by dividing the LAV max by body surface area;
(3) minimum LA volume at end-diastole (LAV min); (4)
LA stroke volume (LASV) =LAV max—LAV min; (5) LA
emptying fraction (LAEF)= (LA max—LA min)/LA max
x 100; and (6) LA expansion index (LAEI)=(LA max—
LA min)/LA min x 100.

Two-dimensional speckle-tracking echocardiography
(2D-STE) was analysed offline using QLAB AutoStrain
LA software (Philips Medical Systems). Two-dimen-
sional echocardiographic images collected from the
non-foreshortened apical four-chamber view were
acquired for further analysis. The atrial appendage and
pulmonary veins were excluded from the LA cavity [10].
First, the software can automatically identify which
selected image is an apical four-chamber view. Then, the
observer manually traced the endocardial LA border in
the four-chamber view in end diastole and the software
automatically track speckles along the endocardial bor-
der throughout the selected cardiac cycle. Researchers
can retrace any segments not tracked in any part of the
endocardial LA wall to obtain satisfactory results. The
frame rate was 60—-65Hz. The reference point for zero
strain was set at LV end-diastole following mitral valve
closure. The LA strain is the difference in the measure-
ments of the phases. In patients with sinus rhythm, LA
reservoir strain is measured as difference in the strain
value between mitral valve opening and LV end-diastole
(positive value), and LA conduit strain is measured as the
difference in the strain value between the onset of atrial
contraction and mitral valve opening (negative value).
In patients with atrial fibrillation, LA reservoir strain

was obtained using the same method, and LA conduit
strain has the same value as LA reservoir strain, but with
a negative sign (Fig. 1). The left ventricular global longi-
tudinal strain was measured by AutoStrain LV software
with QLAB using the three standard apical views (four-
chamber, two-chamber, and three-chamber views). All
echocardiographic values were measured three times by
the same operator based on a single-cycle image, and the
results shown were averaged. In the present study, we
evaluated the inter- and intra-observer variabilities of LA
strain measurements in a randomly selected subset of 20
patients. The LA strain parameters were analysed twice
by one investigator. The second investigator was blinded
to the initial results.

Statistical analysis

A Kolmogorov-Smirnov test was used to determine
whether the data satisfied the normal distribution crite-
ria. Quantitative values are expressed as the mean=+ SD,
and categorical variables are represented as absolute
numbers or proportions. An independent ¢-test was used
to compare continuous values between the two groups
for normally distributed variables. Categorical variables
were compared using the X2 test or Fisher’s exact test.
Pearson’s correlation was used to analyse associations
between LA echocardiographic and strain parameters
and the degree of preoperative functional TR. We con-
ducted a univariate analysis to identify all variables that
were significantly related to the recurrence of TR in the
study. Multivariate analysis with logistic regression was
conducted with the recurrence of TR as the dependent
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variable. The cutoff value was determined from the area
under the receiver operating characteristic (ROC) curve
(AUC) to provide the best sensitivity and specificity for
each parameter for predicting recurrent TR. Interob-
server and intraobserver variability for measurements of
LA strain were analysed by Bland—Altman plots. Differ-
ences were considered significant at p <0.05. All analyses
were performed using SPSS 24.0 (IBM Corp., Armonk,
NJ, USA), MedCalc 18.2.1 (MedCalc Software, Ltd.,
Ostend, Belgium), and GraphPad Prism 8.0.2 (GraphPad
Software, San Diego, CA, USA).

Results

Baseline patient characteristics

A total of 67 patients with rheumatic mitral stenosis and
different degrees of functional TR who received com-
plete clinical and echocardiographic examinations were
initially included. Four patients were lost to follow-up.
The final cohort of this study consisted of 63 patients
(22 men, 41 women; mean age 52.6+8.2years), whose
mean follow-up period was 66.4+ 36.4months, with the
longest follow-up duration being 111 months. The demo-
graphic features and preoperative clinical characteris-
tics of patients and healthy volunteers are presented in
Table 1. Among the patients, three had hypertension, 51
had atrial fibrillation, and 24 were classified as New York
Heart Association (NYHA) classes III to IV. The mitral
stenosis group had higher heart rates than the control
group. Other baseline characteristics showed no differ-
ences between the two groups. Postoperative echocar-
diography performed prior to discharge showed a TR
severity < 14 for all patients. Successful TVA was defined
as TR severity < 2+ during the follow-up period after sur-
gery (Group I, n =45). TR severity >2+ was considered
recurrence (Group II, n =18). No significant differences
were found between Group I and Group II in terms of
age, weight, height, body surface area, or other medical
histories.

During the follow-up period of this study, 1 patient in
the overall population died of a cerebrovascular accident
after MVR. No patients underwent re-operative tricus-
pid valve annuloplasty and repair. In addition, 2 patients
experienced postoperative new-onset atrial fibrillation,
and all received medication for controlling ventricular
rate control. Among patients from Group 1I, except for
the necessary anticoagulation treatments of aspirin and
warfarin, no medicine (including diuretics) was given
in 16 patients. However, there were 2 readmissions for
severe heart failure symptoms during this period; both of
these patients were given active drug therapy.
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Conventional and 2D-STE variables

Compared to the control group, the mitral stenosis group
had significantly lower LAEF, LAEI, left ventricular ejec-
tion fraction (LVEF), and left ventricular peak global lon-
gitudinal strain and significantly larger tricuspid annular
diameter, LA volume, and LAVI. Meanwhile, LA reser-
voir strain and LA conduit strain were impaired in the
mitral stenosis group. Compared with Group I, Group
II had a significantly reduced preoperative mitral valve
area and lower preoperative LA volume, left ventricular
volume, and LA reservoir strain. However, patients in
Group II had a higher preoperative mean transmitral gra-
dient (Table 1).

Correlates of functional TR

Figure 2 summarizes the associations between the degree
of preoperative functional TR and echocardiographic
indicators of the left atrium. For the entire cohort, the
degree of functional TR correlated with the volumetric
parameters of the left atrium, including LAVI, LA emp-
tying fraction, and LA expansion index (r =0.65, —0.62,
and —0.62, respectively; p <0.001 for all). At the same
time, LA reservoir strain (r =—0.57) and LA conduit
strain (r =0.48) showed moderate correlations with the
degree of functional TR (p <0.001 for both).

Predictors of recurrent TR and ROC curve analysis

In the univariate logistic regression analysis, heart rate,
preoperative mean transmitral gradient, and LA res-
ervoir strain were correlated with recurrent TR. The
MVA-2D, PASP, LV end-diastolic volume, LV end-sys-
tolic volume, LAV max, LAV min, LAVI, and LA conduit
strain did not show significant predictive value in pre-
dicting TR recurrence. In the multivariate logistic regres-
sion analysis, preoperative LA reservoir strain (p =0.04)
and mean transmitral gradient (p =0.02) were identi-
fied as independent predictors of recurrent TR (Table 2).
After multivariate adjustment for TA maximal diameter,
TA minimal diameter, and pre-operative TR severity, LA
reservoir strain and mean transmitral gradient remained
independent predictors (Supplementary Material Table
S1). According to the ROC curve analysis, the sensitivi-
ties and specificities for predicting recurrent TR were
75.6 and 61.1% for LA reservoir strain <5.9% (AUC: 0.70,
95% CI 0.59-0.85) and 55.6 and 83.7% for mean trans-
mitral gradient >12.5mmHg (AUC: 0.72, 95% CI 0.57—
0.87), respectively. When the preoperative LA reservoir
strain and mean transmitral gradient were combined to
predict recurrent TR, the combined indicators achieved
the highest AUC (0.90, 95% CI 0.81-0.98), and its sen-
sitivity and specificity were 76.6 and 97.7%, respectively
(Fig. 3).
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Table 1 Demographic features, preoperative clinical characteristics and echocardiographic variables of patients
Control (n =20)  Patients with MS and Patients undergoing TVA Pvalue, Control  Pvalue,
functional TR (n =63) vs. functional TR Group I vs.
Group | (n=45) Groupll(n=18) Group I
Demographic features
Age (years) 484£90 526482 524+74 53.14+10.2 0.06 0.77
Sex (M/F) 13/7 22/41 12/33 10/8 0.02 0.04
Weight (kg) 688+£11.5 634+£99 63.8+10.6 622181 0.07 0.55
Height (cm) 1699+7.6 166.0£7.8 1655£7.5 167.2£87 0.05 0.44
BSA (m?) 1.79£0.17 1.70£0.16 1.70£0.16 1.70£0.15 0.06 0.92
Heart rate (beats/min) 71.0£10.0 80.0+21.0 760+£153 9214284 0.00 0.03
Preoperative clinical characteristics
NYHA functional class Ill-IV - 24 (38.1%) 20 (44.4%) 4(22.2%) - 0.15
Hypertension - 3(0.05%) 1(2.2%) 2(11.1%) - 0.19
Atrial fibrillation - 51 (80.9%) 35 (77.8%) 16 (88.9%) - 048
TR severity
1+ - 19 (30.0%) 17 (37.8%) 2(11.1%) - -
154 - 16 (25.4%) 10 (22.2%) 6(33.3%) - -
2+ - 14 (22.2%) 7 (15.6%) 7(38.9%) - -
2.5+ - 3 (4.8%) 2 (4.4%) 1 (5.6%) - -
3+ - 11 (17.5%) 9 (20%) 2(11.1%) - -
TRVCW (mm) - 4244233 411+£251 4664187 - 041
Suture annuloplasty/Ring annu- - 36/27 23/22 13/5 - 0.13
loplasty
Conventional echocardiographic variables
MVA by 2D planimetry (cm?) 0.88£0.15 1.10+£0.39 0.82+0.29 - 0.01
MVA by PHT (cm?) - 092+0.38 1.11+0.10 0.86+0.22 - 0.04
MV mean gradient (mm Hg) - 10.04+4.8 89440 12.7+57 - 0.00
MV peak gradient (mm Hg) - 194476 192479 199469 - 0.74
TA maximal diameter (cm) 339+048 3444046 3454049 3424037 0.00 0.83
TA minimal diameter (cm) 2.86+0.31 3394039 340+0.51 3371041 0.00 0.82
PASP (mm Hg) - 447 £226 420£224 5144224 - 0.14
Tricuspid E (cm/s) 563+76 634+19.3 63.7+£20.0 6294180 0.02 0.89
E'(cm/s) 119422 114+29 1M1+27 11.9£33 048 041
S (cm/s) 127£20 121£26 123£27 11.8£23 0.44 0.55
E/E 48409 58+25 59423 55+£28 0.06 0.63
LA-ap (mm) 32423 555+120 559+129 546+94 0.00 0.71
LA maximal volume (mL) 3804+104 2025+£273 2280+272 1387+£152 0.00 0.03
LA minimal volume (mL) 125+47 160.1£23.8 1824+£323 1042+ 144 0.00 0.03
LAVI(mL/m2) 212458 119.7£158 1349+£214 817188 0.00 0.02
LASV (mL) 25567 42.5+43 456+£55 346+52 0.00 0.24
LAEF (%) 675+£53 249+119 244+£16 26.1+35 0.00 0.60
LAEI (%) 216.0£52.2 39.0+44.1 3494203 4924£18.1 0.00 0.25
LV end-diastolic volume (mL) 81.9+209 87.9+347 93.6+382 7374181 047 0.01
LV end-systolic volume (mL) 344+110 4174195 4484212 3394119 0.04 0.01
LV EF (%) 585+4.7 530487 526+79 5394105 0.00 0.57
2D-STE variables
LAS-r (%) 42.5+£10.2 76£40 85+4.1 54£25 0.00 0.00
LAS-cd (%) —259+74 —68+37 —75+39 —51+23 0.00 0.02
LV-PGLS (%) —22.7%35 —15.6+49 —155+44 —158+6.1 0.00 0.86

MS Mitral stenosis, TR Tricuspid regurgitation, TVA Tricuspid valve annuloplasty, BSA Body surface area, VCW Vena contracta width, MVA Mitral valve area, PHT Pressure
half-time, TA Tricuspid annular, PASP Pulmonary arterial systolic pressure, LA-ap Left atrial anterior-posterior diameter, LAV/ Left atrial maximal volume index, LASV
Left atrial stroke volume, LAEF Left atrial emptying fraction, LAE/ Left atrial expansion index, LVEF Left ventricular ejection fraction, 2D-STE Two-dimensional speckle-
tracking echocardiography, LAS-r Left atrial reservoir strain, LAS-cd Left atrial conduit strain, LV-PGLS Left ventricular peak global longitudinal strain
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Table 2 Univariate and multivariate logistic regression analysis for predicting the recurrence of TR after TVA

Univariable analysis

Multivariable analysis

B 95% ClI P value B 95% ClI P value
Heart rate (beats/min) 1.04 1.01-1.07 0.01 1.02 0.99-1.06 0.18
Atrial fibrillation 044 0.09-2.23 0.32
MVA by 2D planimetry (cm?) 0.07 0.01-0.59 0.07
MV mean gradient (mm Hg) 1.19 1.04-1.35 0.01 1.29 1.04-1.60 0.02
PASP (mm Hg) 1.02 0.99-1.05 0.14
LV end-diastolic volume (mL) 0.98 0.97-1.01 0.05
LV end-systolic volume (mL) 0.96 0.93-1.01 0.05
LA maximal volume (mL) 0.99 0.99-1.01 0.18
LA minimal volume (mL) 0.99 0.99-1.01 0.18
LAVI (mL/m2) 0.99 0.99-1.01 0.18
LAS-r (%) 0.77 0.63-0.93 0.01 0.85 0.73-0.98 0.04
LAS-cd (%) 1.26 1.03-1.55 0.07

Cl Confidence interval, MVA Mitral valve area, PASP Pulmonary arterial systolic pressure, LAV/ Left atrial maximal volume index, LAS-r Left atrial reservoir strain, LAS-cd

Left atrial conduit strain

Inter- and intraobserver variability for measurements

Bland—Altman plots of the interobserver and intraob-
server variabilities for measurements of LA strain using
2D-STE are summarized in Fig. 4. The intraobserver
and interobserver variabilities were within accept-
able limits. The intraobserver intraclass correlation

coefficients for LA reservoir strain and LA conduit
strain were 0.97 and 0.97, respectively (p <0.05 for
both). Conversely, the interobserver intraclass corre-
lation coefficients for LA reservoir strain and LA con-
duit strain were 0.94 and 0.93, respectively (p <0.05 for
both).
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Discussion

The present study had two major findings. First, preop-
erative functional TR severity was correlated with LA
strain in rheumatic mitral stenosis patients; this is the
first study to provide clear evidence of this association.
Second, the preoperative LA reservoir strain and mean
transmitral gradient were independent predictors of
recurrent TR after TVA over long follow-up periods.
Additionally, the AUC for the combination of the two
indicators was 0.90, indicating that the combined indica-
tors were more accurate than single indicators in predict-
ing TR recurrence.

LA inflammation and fibrosis can be attributed to rheu-
matic carditis and lead to LA pressure overload. It is well
known that these pathological and hemodynamic changes
induce electrical and mechanical remodelling of the
atrium and are closely related to subsequently increased
pulmonary artery pressure, tricuspid annular dilata-
tion, and functional TR development. Some researchers
have shown that patients with rheumatic mitral stenosis
are at increased risk of significant LA enlargement and
dysfunction, and TR is relatively common (up to 55 to
60%) in these patients [11, 12]. Conversely, RV volume
overload due to moderate-to-severe TR can result in
left heart geometric alterations that reduce LA preload,

impair left ventricular filling function, and decrease the
atrial contribution to left ventricular filling [13, 14]. Thus,
certain correlations between functional TR severity and
LA function may exist. The present study demonstrates,
on the one hand, that LA mechanics, including reservoir
and conduit function, was markedly impaired in patients
with rheumatic mitral stenosis. On the other hand, pre-
operative functional TR severity was found to correlate
with LA strain in this study. The result suggests that LA
functional changes are closely related to functional TR
and supports our a priori hypothesis. A recent study in a
population with severe pulmonary arterial hypertension
also demonstrated decreased LA global strain and sug-
gested that this reflects LA dysfunction in these patients
[15]. Moreover, Ashwin et al. noted the exceptional value
of LA strain in the diagnosis and treatment of pulmonary
hypertension in their latest study [16]. All these findings
indicate that LA strain has specific value in the diagnosis
and assessment of right heart diseases; further research
regarding the interrelationships among the right ventri-
cle, pulmonary circulation, and left atrium is still needed.

TVA is a common strategy used for the treatment of
significant functional TR, although reports of TR recur-
rence after the procedure exist. A 30 to 70% recurrence
rate within 3 to 5years can be reported even in the
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absence of organic changes, including infective endocar-
ditis, degenerative changes, and rheumatic damage, and
recurrence is associated with a poor prognosis [17, 18].
Therefore, relatively accurate predictors of TR recur-
rence are needed and are expected to provide substan-
tial benefit to these patients. Some studies have reported
that LA dilatation is an independent predictor of late TR
recurrence during the follow-up period [19]. However,
no investigators have focused on the value of LA strain.
In the present study, LA reservoir strain was predictive
of recurrence and had moderately high sensitivity and
specificity. As we know, differing parameters regarding
predictors of recurrence may reflect different causes of
functional TR. LA reservoir function represents LA fill-
ing by pulmonary vein flow during ventricular systole
and demonstrates stiffness of the left atrium, produc-
ing higher pressures. For example, LA reservoir strain
has previously been correlated with left ventricular fill-
ing parameters and negatively correlated with mean
pulmonary artery pressure and pulmonary capillary

wedge pressure [20, 21]. Owing to the pathophysiologi-
cal link between left-side heart diseases and the devel-
opment of functional TR, the finding that recurrent TR
could be predicted by parameters correlating with LA
function can be explained. In the meantime, it is note-
worthy that the damage to atrial function caused by the
stenotic mitral orifice and active inflammatory lesions is
already present before surgery. Even if a stenotic lesion
is relieved, pulmonary vascular remodelling and ele-
vated pulmonary vascular resistance may continue to
occur and lead to morphological changes of the tricus-
pid valve and TR recurrence. Additionally, the relation-
ship between LA reservoir strain and LAVI attracted our
attention. In the present study, patients in Group II dem-
onstrated lower value of atrial volume index in addition
to lower reservoir atrial strain. The relationship is distinct
from previous studies that have determined the inverse
correlation between the two parameters [22]. This is
probably because these patients have already developed
a low flow state due to pulmonary vascular remodelling
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and irreversible obliterative changes. This pathophysio-
logical change reduces congestive symptoms by decreas-
ing venous return and leads to lower value of left atrial
volume index, albeit at the expense of a reduction in
cardiac output. However, further studies are needed to
address this speculation. All these results suggest that
surgeons should focus on correcting LA function disor-
ders and reversing pulmonary vascular remodelling in
rheumatic mitral stenosis patients undergoing MVR with
concomitant TVA for functional TR to reduce recurrence
effectively.

The present study also found that the preoperative
mean transmitral gradient was an independent predic-
tor of recurrence and had moderately high sensitivity
and specificity. The mean transmitral gradient reflects
changes in the degree of valve stenosis as well as LA
compliance and cardiac output. A higher mean gradi-
ent, with an expected increase in PA pressure, could fur-
ther change the tricuspid annular size and function. This
is one possible reason to predict TR recurrence for the
mean transmitral gradient. Jong-MinSong et al. studied
71 patients who suffered moderate-to-severe functional
TR before percutaneous mitral valvuloplasty. The results
indicated that functional TR could be reduced when the
transmitral gradient was fully relieved, which also con-
firmed that changes in the transmitral pressure gradient
could influence functional TR [23]. However, there are
also conflicting reports indicating that the transmitral
gradient (peak or mean) on follow-up echocardiographic
assessment failed to predict recurrence of functional TR
[24]. The surgical treatment of rheumatic mitral stenosis
in our study differed from that in the previously men-
tioned studies. The long-term outcome of percutaneous
mitral valvuloplasty may be influenced by the postopera-
tive transmitral gradient. In contrast, the patients in our
study underwent MVR surgery, and the postoperative
transmitral gradient was within a reasonable and con-
sistent range. The results may highlight the prognostic
significance of the preoperative transmitral gradient.
However, the usefulness of this information in the real
world is still unknown because the choice of surgical pro-
cedure for patients could be affected by many influencing
factors.

In the current study, the preoperative PASP was similar
between the successful repair and recurrent groups and
atrial fibrillation also had no significant effect on recur-
rence. This may have occurred because most patients
included in this study had pulmonary hypertension and
atrial fibrillation and had a relatively severe condition.
Thus, there was no significant difference between the
two groups in this regard. Meanwhile, some studies have
noted that the development of postoperative PASP is also
a matter of concern in patients who have undergone TVA
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and other cardiac procedures [25, 26]. However, given
that a clear postoperative TR Doppler spectrum could
not be obtained in several patients, this aspect cannot be
demonstrated in the present study and required further
exploration in future studies. In fact, determining the
predictors or factors associated with recurrent functional
TR after repair is a complicated topic because the results
will likely be related to the underlying disease. In this
study, rheumatic mitral stenosis was the dominant dis-
ease. It is known to cause secondary pulmonary hyper-
tension, RV dysfunction, and functional TR. However,
whether the findings could be applied to more routine
forms of functional TR such as ischaemic cardiomyopa-
thy or nonischaemic cardiomyopathy, where intrinsic RV
dysfunction is greater, remains uncertain. Therefore, this
is an important direction for future research to address.

Our study has several limitations. First, this study was
a single-centre study, and the small cohort size and selec-
tion bias reduces the possibility of extensive analysis and
subgroup comparisons. These results should be inter-
preted with caution. Moreover, follow-up was performed
at the discretion of the physician caring for the patient
and we did not explore effect of LA strain on long-term
survival and predictors of complications and mortality.
Thus, the conclusion of this study still requires verifica-
tion in large, prospective, randomized studies. Second,
we cannot guarantee that TR was functional and not
related to rheumatic involvement of the tricuspid valve in
all cases. However, during the last echocardiographic fol-
low-up, an experienced ultrasound operator did not find
direct evidence of rheumatic involvement of the tricus-
pid valve, indicating that the results were credible. Third,
different TVA techniques may affect patients’ outcomes.
However, in the present study, we found that there was
no difference in TVA technique between the two groups.
The improvement of surgical skills and similar state of
disease could partly explain this result. Thus, we suggest
that the TVA technique applied did not greatly affect the
overall results and that a longer follow-up time is needed.
Finally, the dependability of the LA strain is affected by
operators and image quality and consumes more time
for determination than conventional echocardiographic
parameters. However, several studies have confirmed
its reliability and provided normal reference values [27],
making the LA strain a reliable parameter to use in future
clinical practice.

Conclusion

LA strain was correlated with preoperative functional
TR severity in patients with rheumatic mitral stenosis.
In the multivariate analysis, the LA reservoir strain and
preoperative mean transmitral gradient emerged as
independent predictive factors for recurrent TR after
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TVA during long-term follow-up. The present study
also noted that surgeons should focus on correcting LA
function disorders and reversing pulmonary vascular
remodelling to reduce TR recurrence for such patients.
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